The study of quantum phase transitions is a rich topic of research in condensed matter physics. Quantum phase transitions, such as the plateau to plateau transition in the quantum Hall (QH) effect at high magnetic field, can be accessed by varying only one physical parameter (e.g. magnetic field) near absolute zero temperature [1] . The fundamental physics of quantum phase transition can be revealed by investigating its scaling behaviors at the crossing point of magnetoresistance at different temperatures [2] [3] [4] [5] . The universal scaling behavior associated with such a phase transition is usually studied by characterizing a temperature-dependent resistivity/conductivity that is governed by a single exponent  [2] [3] [4] [5] .
A similar feature of crossing magnetoresistance at different temperatures has also been observed in the QH to Anderson or Hall insulator transition [6] [7] [8] [9] [10] .
The quantum anomalous Hall (QAH) state, a zero magnetic field manifestation of the integer QH state, is also a topological phase of quantum matter [11] [12] [13] . Similar to the QH effect [14] , the QAH effect harbors dissipationless chiral edge states with quantized Hall resistance and vanishing longitudinal resistance [15] . These edge states are spin-polarized, and their chirality is determined by the internal magnetization of the sample. The QAH effect was envisioned by Duncan Haldane [11] and first realized in magnetically doped topological insulator (TI) thin films [13, 16] . To date, the QAH effect at zero magnetic field has been realized in the Cr-and/or V-doped TI systems [13, 16, 17] . An axion insulator state was 3 recently realized in V-doped TI/TI/Cr-doped TI sandwich structures [18, 19] . When the external magnetic field is swept between the coercive fields of the two magnetic TI films, i.e., the magnetizations of the two surfaces are anti-parallel, the axion insulator state appears. The axion insulator is characterized by zero Hall resistance Rxy and a very large longitudinal resistance Rxx [18, 19] . When the magnetizations of the two magnetic TI layers are driven by an external magnetic field from the antiparallel to parallel alignment, a quantum phase transition from an axion insulator to a QAH insulator has been demonstrated [18, 19] .
In this Letter, we studied the scaling behavior of the quantum phase transition from the QAH insulator to the axion insulator in magnetic TI sandwich samples in the temperature range between 45 and 100 mK. We found the temperature dependence of the derivative of the longitudinal resistance Rxx on the magnetic field B evaluated at the critical field Bc follows a characteristic power-law behavior, i.e. ( ) = ∝ − . The exponent  is found to be 0.38, smaller than the previously-believed value    for the QH plateau to plateau transition [4, 20, 21] , but in good agreement with the recent high-precision numerical results on the Chalker-Coddington network model which yields a correlation length exponent  ~2.6 [22] [23] [24] . The experimental results are supported by theoretical arguments that the QAH to axion insulator phase transition, just like the QH plateau to plateau transition can also be described using the Chalker-Coddington network model. In addition, by using a quasi-DC measurement circuit, we measured the two-terminal resistance R12 in the axion insulator regime and found it to be as high as 5.0 × 10 4 h/e 2 (~ 1.3 G) (Supplemental Note Ⅰ [25] ).
This value suggests the highly insulating property of the topology-induced axion insulator state. By analyzing the temperature dependence of R12, we probed two different insulating behaviors in two adjacent temperature ranges, validating the reliability of our scaling study for the QAH to axion insulator transition.
The heterostructure samples used in this work are sandwiches with an undoped TI layer (5QL (Bi, Sb)2Te3 layer) inserted between two magnetic TI layers with a 3QL Cr-doped (Bi, Sb)2Te3 layer in the bottom and a 3QL V-doped (Bi, Sb)2Te3 layer on top (Fig. 1a) . These samples were grown on 0. of Cr-doped and V-doped TI layers, the sample shows an axion insulator state [19] . When B > Bc2 > Bc1, the sample shows the perfect QAH state (Fig. 1c) , so there must be a magnetic-field-driven quantum phase transition from an axion insulator to a QAH insulator near Bc2. In order to study the scaling behavior of this quantum phase transition, we an "insulating" behavior. This "insulating" state corresponds to the axion insulator state with a large Rxx and zero Rxy at zero temperature [18, 19] . For B > Bc, Rxx decreases with lowering temperature, exhibiting a "metallic" behavior. This "metallic" state corresponds to the chiral edge channel of the QAH insulator state with zero Rxx and quantized Rxy at zero temperature 6 [13, 16] . This "metal" to insulator quantum phase transition is further demonstrated from the temperature dependence of Rxx measured at various magnetic fields (Fig. 2b) . Figure 2c shows the value of Rxx at B = Bc for different temperatures. The Rxx value at T = 100 mK shows a clear deviation from the values measured at lower temperatures, which implies that we should confine our investigation of the scaling behavior of the QAH to axion insulator transition in the temperature range of 45 ≤ T ≤ 80 mK.
Next, we analyze the scaling behavior of the QAH to axion insulator phase transition.
We follow the scaling analysis of the QH plateau to plateau transition [2, 3] and scale the B dependence of Rxx at different temperatures to a single parameter relation: We note that  can also be acquired in the Rxy analysis over the same temperature range (Supplemental Note Ⅲ [25] ).
From the linear fit in Fig. 3a , we extracted a critical exponent  ~0. The top and bottom surface states in V-doped TI/TI/Cr-doped TI sandwich heterostructures can be described by the effective Hamiltonian:
Here , , are Pauli matrices acting on spin space, , are wave vectors in x and y directions, and F is the Fermi velocity. The Dirac mass term , and ∆ t,b (r) represent spatial-averaged and random parts of the exchange field in the z-direction due to the magnetization on top and bottom surfaces, respectively, where "t" and "b" denote the top and bottom surfaces. The random scalar potential t,b ( ) denotes an inhomogeneous onsite potential inside the sandwich sample. In the clean limit, t,b (r) = 0 and ∆ t,b (r) = 0, so the Hall conductance of the top and bottom surfaces σ t,b = sign( t,b ) 2 /2h is determined by the sign of magnetization sign( , ). The QAH phase with σ t = σ b and the axion insulator phase with σ t = −σ b require parallel and anti-parallel magnetizations on the top and bottom surfaces, respectively. During the magnetization reversal process, the magnetization of one surface switches direction and a magnetic-field-driven quantum phase transition from the QAH insulator to the axion insulator occurs. Therefore, we consider only one surface in the following and denote it as top surface for concreteness. At the critical point 8 of the QAH insulator to the axion insulator transition, the spatial-averaged magnetization of the top surface t = 0, whereas ∆ t (r) ≠ 0 with an equal population of upward and downward magnetic domains (Fig. 4a) . Now the top surface state can be described by the random Dirac Hamiltonian with randomness in the mass ∆ t (r) and the scalar potential
There exists a chiral edge mode between two regions with opposite masses for the Dirac
Hamiltonian [26] . Due to a spatially varying random Dirac mass ∆ t (r), the random Dirac
Hamiltonian t exhibits chiral edge modes confined to the zero-mass contours ∆ t (r) = 0
( Fig. 4a) [26] .
Moreover, it is known that the Chalker-Coddington network model can be mapped to the random Dirac Hamiltonian [26] [27] [28] . Figure 4b shows the Chalker-Coddington network model on a square lattice structure. At each node (red dashed square in Fig. 4b) , a scattering matrix describes the scattering from incoming (labeled by Zi=1,3) to outgoing channels (labeled by Zi=2,4) (Fig. 4c) . Here, the incoming and outgoing channels in the network model correspond to the chiral edge modes at zero-mass domain walls of the random Dirac Hamiltonian (Fig. 4a) . Figure 4c shows the chiral edge channels at the four domains of opposite massed (labeled by ±∆ t ). All chiral edge channels in the network model can be created similarly and the Chalker-Coddington model is thus equivalent to the random Dirac
Hamiltonian [26, 28] . Since the QH plateau to plateau transition can also be described by the Chalker-Coddington model [27] , the quantum phase transition from the QAH insulator to the axion insulator must share the same universality class of QH plateau to plateau transition. It was generally accepted that in the QH plateau to plateau transition  = p/2  0.43, with    and p = 2 [4, 20, 21] . However, the critical exponent  =  -1 = 0.38 revealed in our experiment is in good agreement with the recent high-precision numerical results in which the correlation length exponent of the Chalker-Coddington model  ~ 2.6 [22] [23] [24] . We note that the QAH to axion insulator transition in magnetic TI sandwiches belongs to the QH-type instead of the Berezinskii-Kosterlitz-Thouless-type transition as we predicted in an individual magnetic TI thin film with random domains [29] . In such an individual magnetic TI thin film, the top and bottom surfaces are coupled and play a joint role, so this case is described by the Chalker-Coddington model with two channels [29, 30] . This may be the reason why a different  ~ 0.6 was found for the QAH to Anderson insulator transition [31] and the QAH plateau to plateau transition [32] .
A recent study on the quantum phase transition between a Chern insulator to an axion insulator driven by the external magnetic field in even number layers of topological antiferromagnet MnBi2Te4 reports a critical exponent  ~ 0.47 [33] . In the QH plateau to plateau transition, values of ranging from 0.15 ~ 0.8 have been reported in the two-dimensional electron/hole gas samples [2, 5, [34] [35] [36] [37] [38] [39] [40] [41] . Several factors can cause larger , for example, the high concentration of ionized impurities or clustered impurities [4] . If the quantum percolation is turning into a classical percolation,  is expected to eventually increase to 0.75 [42, 43] . Note that the determination of  is also sensitive to experimental issues, for example, the small temperature regime where all curves crossing each other as shown in Fig. 2c . It is not appropriate to include the high-temperature data in our scaling analysis, which can cause a larger  (Supplemental Note Ⅳ [25] ). We speculate that the appropriate amount of disorder in our sample might make  as close as to the expected value based on the recent high-precision numerical results of the correlation length exponent  ~ 2.6 [22] [23] [24] .
As noted above, the AC two-terminal measurement is not reliable when R12 >10 3 h/e 2 .
In order to measure R12 accurately in the most insulating regime, we employed the quasi-DC measurement method. The quasi-DC method uses a low frequency (f = 25.3 mHz) square wave as output, which can eliminate the influence of parasitic capacitance. The thermal voltage can be removed by taking the derivative of the square wave generated current. shows a linear dependence on T -1 with a slope ~ 333 mK below 95mK, and a steeper slope ~ 478 mK above 95 mK (Supplemental Note Ⅴ [25] ). We note that for T ≥ 100 mK, the scaling behavior starts to disappear (inset of Fig. 3a) . Therefore, the insulating behavior at the high-temperature regime might involve the contribution from the classical thermal activation, while the low-temperature regime reflects solely the property of an unconventional insulating quantum state (i.e. axion insulator) favoring zero-temperature limit. This further validates our choice to carry out scaling behavior study between 45 mK and 80 mK. 
